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There is little comfort in the fact that studies on discovery
learning are among the most popular in the literature. It is intuitively
appealing that we retain and transfer material better when we learn it on
our own rhan when we are told the same facts. But as often as not, em-
pirical studies have failed to confirm what seems so obvious to many
teachers and educational researchers.

When a flurry of studies produces no consisteat results, it will no
longer suffice to repeat the same studies with minor modifications. At~
tention should be directed towards analyzing definitions, assumptions,
and methodology of studies on discovery learning. This has been the
intent of recent articles by Ausubel (1961), Bruner (1961), and Wittrock
(1963). The book edited by Schulman and Kieslar (1966) which is a collec~-
tion of papers presented at a conference on learning by discovery is not as
obviously useful. It does little more than showcase the diversity and
confusion in this area of research without proceeding to the stage of pos-
itive proposals based on the discussion of participants in the conference.

The last two studies on discovery learning reported in the Journal
of Educational Psychology (Guthrie, 1967; Roughead & Scandura, 1968) have

focused on overcoming specific terminological or methodological problems
in previous research. They both report no significant advantage in favor
of the discovery group. Under these circumstances, it seem appropriate
to augment the experimental evidence to be reported here with a theoret-
ical rationale designed to justify the research design used and sned ad-
ditional light on the confusion surrounding discovery learning. There
are four objectives to be served in this paper: (a) provide an oper-
ational definition of discovery learning and guided discovery learning,
(b) make definitional distinctions between three concepts which are
often condused with discovery learning, i.e., meaningful learning, dis-
covery teaching, and inquiry learning. (c) provide some evidence as to
the educational (as opposed to statistical) significance of discovery
learning, and (d) furnish additional experimental evidence which does
not confirm the hypothesis that transfer is aided through discovery.

Operational definitions. It has long been known that transfer and
retention properties differ with various different subject matters. The
discovery learning hypothesis asks the question: Does it make any dif-
ference how something is learned? In this paper, attention will be re-
gtricted to the learning of principles or generalizations which summarize
large sets of individual associations. ‘'Grief is spelled GR I E F" and
relieve is spelled REL I E V E" are examples of individual associations
which can be subsumed under the principle of "I before E, except after C."
A child can spell these words correctly either bacause he knows a set of
individual associations or a general principle. The principle can be
leaxned in two ways -- didactically, by being told the "I before E" rule
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r by discrvery, by working with individual worde until the general rule
crmes8 to mind.

An operational definition of discovery for :rinciple learning can
ncw be given., TFirst, it will be necessary to define '"learning a prin-
ciple." When a person whr was formerly unable to respond tc new indiv-
idual associations governed by an organizing generalization (as in ex-
trap- lation or arpli:ation of a rule to a new 8ituation) becomes able
tr correctly respond t- new individual instances of the rrinciple, we say
that he has learned the principle. It will also be assumed that when
this person has no means for learning the principnle other than manipu-
lation of concrete instances, he has learned the principle by discovery.
In other words, if a person received didactic instruction in the use of
a‘principle, he cannot discover this principle. (0f course, this is not
true in any strict sense. :As will be pointed out later, instruction is
not the same thing as learning and a person may fail to understand what
he is told and so he might still subsequently discover it for himself,)
With this reservation in mind, it can be postulated as an operational def-
inition that what one succeeds in learning about the organization of ex-
perience is discovered unless it is taught to him didactically.

Much school learning fails somewhere between the two pure points of
didactic and discovery learning. It is, therefore, useful to extend the
operational definition to cover all cases of "guided discovery" as well.
On the assumption that one cannot discover what he has zlready been told,
guidance can be identified with partial didactic instruction of the or-
ganizing principle. Explaining part of the "I before E" rule (for ex-
ample, pointing out that there is a rule involving these letters) has
the effect of reducing the amount left for the subjecst to discover about
the relationship. The degree of guidance in discovery is only the pro-=
portion of the organizing principle that is didactically preempted.

Some terminological confusions. One of the reasons why there is
contrary evidence in the literature on discovery learning is lack of
agreement on terms. Many experimental designs have been formulated and
replicated which do not provide tests of the hypothesis that it makes a
difference how something is learned. In this section, the three primary
sources of confusion will be identified along with a partial list of the
experiments performed under research paradigms mistakenly identified
with discovery learning. The three sources of confusion have been: (a)
discovery learning vs. meaningful learning, (b) discovery learning vs.
discovery teaching, and (c) discovery learning v8. inquiry learning.

(a) Discovery learning vs. meaningful learning. During the per-
iod of the 1930's and 1940's when educational psychologists were strongly
influenced by Gestalt Psychology and Progressivism, a number of studies
(Brownell & Moser, 1944; McConnell, 1934; Stacey, 1949; Stanley, 1949;
Swenson, 1949; Thiele, 1939) were performed in the schools to show that
curricula involving traditional rote memorization of meaningless rules
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are inferior to curricula involving the discovery of meaningful organ~
izational principles., These studies were more extensive than many to
follow and to a large extent the evidence confirmed the hypotheses.

But as Ausubel points out in another context (1963), there is no
necessary connection between meaningfulness and discovery on the one
hand and didacticism and rote learning on the other. Meaningful and
rote learning is one dichotomy which refers to the use a learner can
make of material presented. Discovery and didactic iearning i8 a second
dichotomy which has already been associated with the mamnnet in which in-
formation is learned. Although most psychologists and educators have
been interested in the double dichotomy of rote didactic learning vs.
meaningful discovery learning, the other two combinations are equally
intelligable. For example, the theoretical structure of classical har-
mony can be presented in a dry but nonetheless meaningful lecture or a
teenager may discover how to play the guitar 'by ear.”

The researchers of the 1930's and 1940's failed to observe the
distinction between meaningfulness and discovery learning. 1In fact,
their research design intentionally confounded these two variables.
It would, therefore, be a very risky policy to cite these studies as
evidence in favor of the alledged beneficial effects of discovery
learning.

(b) Discovery learning vs. discovery teaching. This is by far
the most prevalent obfuscation of the discovery learning hypothesis.
The most typical experimental paradigm follows Winch (1913) who com~
pared the effects on retention and transfer of equal exposure to a
didactic and a discovery presentation format. The studies by Craig
(1956), Gagné and Brown (1961), Grote (1960), Haslerud and Mevers
(195€), Kersh (1958, 1962), Kittell (1957), Moss (1960), Ray (1960),
Rowlett (1960), Tomlinson (1962), and Winch (1913) all make an ef-
fort to equate, in some sense, the exposure in the two treatment
groups. Cronbach (1966) and Gagné (1966) urge that experimental par-
adigms which fail to take this precaution should be suspect.

This precaution, however justifiable for other reasons, seems to
miss the point of the discovery learning hypothesis. What is at ques-
tion is the mamner in which material is learned and not the manner in
vhich it 1s presented. My wife thinks I forgot to take out the gar=-
bage this morning and the fact that the garbage is still here strengthens
her case considerably. But if she failed to tell me ‘that she expected
me to do this chore or if she told me while I was shaving in the other
room, I cannot be accusSed of forgetting since I did not hear her in
the first place. Similarly, it requires a leap of faith to assume that
equal exposure to material means equal learning has taken place. Be-
cause of this flaw in the Winch paradigm, many studies should be con-
sidered tests of the relative effectiveness or speed of discovery
teaching since inferences about retention and tramefer are ftenuocus.
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The interactions of individual differences with mode of presentation
are sufficient to discredit the assumption that "equal exposure means
equal learning." To continue with instruction until even the slowest
learner would have something to remember involves one in the further

jeopardy of disregarding the possible interactional effects of over-
learning.

We appear to be on very shakey ground indeed when we are forced to
draw conclusions about what a child learned given only information on
what he was exposed to. In the long run, it will be large-scale cur-
riculum projects based on the discovery teaching paradigm which will
provide the educationally significant answers for policy decisions. 1In
the meantime, however, information gained using this paradigm should
not be made to do the double duty of providing information about the

manner in which people learn and the way this is reflected in what they
retain.

(c) Discovery learning vs. inquiry learning, Most of the work
being done today under the nominal beading of discovery learning is
actually investigations into the area of inquiry learning. There
would be no point in listing here the many curriculum studies which
are showing with some degree of consistency that some kind of advan-
tage does accrue to students who learn by working through exercises
designed to make them discover generalizations.

What is germane, however, is to raise the question of just what
that advantage might be. The discovery learning hypothesis claims
that the principles which are discovered are more apt to be remembered
and transferred than those which are learned didactically. But often
research paradigms designed to test this hypothesis train their sub-
jects on more than one principle and then ask that yet additional
principles be used in the transfer task. This experimental arrange-
ment leaves it open for critics to dispell results apparently favoring
the discovery learning lypothesis by showing that the results could
also be explained by assuming that the subject learned the generalized
ability to discover principles and not merely the better use of one
or two of them in particular.

The ability to discover principles, or inquiry, is an extremely
useful skill that is probably best learned by practice. Dispite the
fact that many results attributed to "learning by discovery" can be
explained as "learning to discover® or as what Harlow calls "ldarning
to learn™ (1949, 1959), these two phenomena should not be mistakenly
confugsed. Learning the skill of inquiry involves the learning of
something which is still quite distinct from learning by means of
discovery. This distinction is clarified in the context of the cure
riculum studies bv Joseph Schwab (1966) and in the area of discovery
learning by Robert Glaser's phrase "learning by discovery vs. learning
for discovery" (1966). Althoughthe curriculum reform movement based
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on inquiry training may have had its origins in the laboratory studies
on. discovery learning, they are distinct peychological processes and
it is logically fallacious to cite the impirical successes or failuxes
in one area as evidence in the other.

An improved experimental paradigm. In order to test the hypo-
thesis that the manner in which a principle is learned affects the trans-
fer power of the principle it is necessary to avoid the three confusions
just mentioned. The meaningfulness of the principle will not be at
issue. A model must be found in which it is possible to terminate the
training as soon as the subject masters the principrle, but not before.
For this purpose a serial anticipation routine is appropriate. Ornly
one principle will be learned and tested for transfer in order to
avoid a confusion with the skill of learning to discover.

The experimental design which most nearly meets these criteria
is Judd's (1908) original dart throwing experiment. One of the prob-
lems in this old ezperiment was the lack of control for the psycho-
motor component of the task. When the subjects missed the target,
it was impossible to determine whether they failed to apply the prin-
ciple or applied the principle but could not throw darts well. This
difficulty can be overcome by modifying the task sc that subjects
are only required to read the location of an object on a scale when
there is an interposed lems (analogous to depth of water) and then
guess where on the 8cale the object would appear 1if the distorting
lens were removed. The set of individual associations to be learned
in this case are the relationships between the neme or number of the
lenses and the kind of distortion each lens produces. These indiv-
idual associations can be subsumed under an organizing principle
which is directly analogous to the principle of refraction of light
used in the Judd experiment.

There is one final modification on the experimental paradignm
which deserves attention. Considerable press (Allen, 1969; Guba,
1962) has recently been given to the obvious fact that statistical
gignificance is not educational significance. In the case of the
discovery learning hypothesis, the question is how large must the
A advantage be favoring discovery before researchers make a recommenda-
3 tion to educators? Tests for the statistical significance of mean
differences are not particularly well suited to this task. One al-
ternative is to use a two factorial design with another independent
variable that a teacher might use instead of discovery. Since the
error variance would be identical for each factor, a conclusion can
be reached about the relative power of discovery learning versus a
plausible alternative for improving retention and transfer.

In the experiment to be reported hezre, overlearning was chosen
as the second factor. One reason for this choice is the fact that
discovery is acknowledged to be a time-consuming strategy. A prac-
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tical alternative for teachers is to teach a principle didactically
and then allcw an opportunity for practice. But the relationship be-
tween discovery and overlearning should also be examined on theoret-
ical grounds. Mandler (1962) summarized a number of studies using
both human and subhuman subjects in which reversal tranefer becomes
easier with sufficient amounts of overlearning. This well-replicated
result can most easily be explained by assuming that during the over-
learning of the initial set of individual associations on the traine
ing task, the subjects aleo learned an organizational principle which
transferred positively to the reversal task, Since these subjects
were not instructed in the organizing principle involved (not even
altered to its'existence), according to the operational definition of
discovery learning, they discovered the principle. There is also a
considerable body of literature (Bruce, 1933; Exlebacher & Archer,
1961; Mandler, 1954a, 1954b; Mandler & Cowan 1962; Mandler & Heinemann,
1965; Mandler & Kuhlman, 1961) which shows that, for human subjects
using laboratory tasks, transfer increases as overlearning does. Ac~
cordingly, it would seem reasonable to propose that overlearning is
én important condition fdr discovery.

Hypotheses

When the proper precautions are exercised so as to equate for
original mastery of the individual associations on the learning mat-
erial and when the other confounding factors are controlled for, the
discovery learning hypothesis can be put to a strict test. Since
almost all previous studies have been confounded in some respect,
there is little precedent for estimating the effects of discovery.
The most parsimonious pradiction would be that it makes no diffarence
whether the organizing principle for a set of individual associations
is discovered or learned didactically. A review of the literature
Seems to present a general picture such that as the experimantal con-
trois are tightened the advantage claimed for the discovery group
diminishes or disappears. Considering these facts, the following may
be hypothesized:

Hypothesis 1: There will be no difference in the ability
to transfer a principle, regardless of whether this prin-
ciple is discovered or taught didactically, or partially

taught (guided discovery).

It has already been mentioned as a well-documented finding that
the likelihood of positive transfer increasec as a particuvlar body of
material is overlearned. Since there is no apparent reason why this
experimental situation differs from those in previous studies, the
following will be offered as the second hypothesis:

Hypothesis 2: The overlearning of a set of individual assoc-
iations will produce significantly greater transfer than will
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simple mastery of these associations.

A third hypothesis can also be drawn from the literature on over=
learning. As a possible cue to the nature of the psychological pro-
cesses involved in discovery, it has been suggested that the principle
used to organize a set of individual associations should be discovered
during the overlearning phase of traning. This possibility can be
stated in testable form as follows:

Hypothesis 3: The overlearning of a set of individual as-
soclations will produce significantly more reports of dis-
covered organizational principles than will simple mastery
of these associations.

Subjects, instruments, and procedures

The subjects were 56 students enrolled in the Stanford University
Secondary Teacher Education Program. These subjects were assigned by
the draw of a card from a skuffled deck to one of eight experimental
groups. The experimental procedure involved a general intraductory
session followed by individually administered training and transfer
sessions spaced exactly one week apart. During the introductory ses-
sion, the purpose of the experiment was explained, the apparatus for
exposing the target against a scale with an interposed lens was dem-~
onstrated, and the experimental routine of serial anticipation was
practiced. In addition, each subject was instructed in the use of
a partial organizing principle determined by his asgignment to a
treatment group. There were four such partial organizing principles
comprising the discovery factor in this experiment: The discovery
group with no rules given (SPy), a partial organizing principle re=-
lating to the direction of distortion caused by each lens (8P;), a
partial organizing principle relating to the fact that each successive
pair of lenses was separated by a constant difference of two unit's
distortion (SP2), and a didactic group which reciéved both partial
organizing principles (SP3).

During the training session, the subject was asked to review
the organizing principle he had learned and then the serial antice
ipation trails began. The lenses used and their distorting qualities
are as follows: Third degree lens distorts three units to -the right,
Fourth degree lens distorts one unit to the right, Fifth degree lens
distorts one unit to the left, and Sixth degree lens distorts three
units to the left. If the subject had been assigned to the criterion
group (100%), he would continue his training until he succeeded in
making five successive corxect anticipations. If his experimental
assignment had been to the overlearning group (150%), he would con-
tinue the experiment until he had reached criterion and then, without
interruption, he would be given an additional one trial for each two
trials needed to reach criterion.
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One week later, during the transfer session, the subject was told
to begin the serial anticipation process again without being told the
exact relationship between the task he had been trained on the week
before and the transfer task. As a simple extrapolation of the prin~
ciple was desired for the transfer task, a Second degree lens (five
units distortion to the right) and a Seventh degree lens (five units
distortion to the left) were used instead of the Fourth and Fifth
degree lenses. Criterion was again considered to be five correct
successive anticipations. A questionnaire was administered directly
following the completion to the transfer task.

Results

The first two hypotheses can be tested directly in a two-factor
analysis of variance., Figure 1 is a diagram of the mean number of
errors made before reaching criterion for each of the eight treatment
groups. If the discovery learning hypothesis was confirmed by these

Figure 1. Mean number of errors before reaching criterion on the
transfer task for each of the eight treatment groups.
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data there would be a significant increase in the number of errors
from SPp through SPj and SPy to SP3. This does not appear to be true
of the present data and therefore tie first experimental hypothesis
seems to be confirmed: When groups are equated in terms of their
mastery of the training task, there is no significant difference in
transfer ability related to the manner in which the training tack

was 'earned. In order for the F ratio to reach significapce at the &k
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level of 90%, a value of 2.23 is needed, The obtained T ratio is only
02.439,

The second experimental hypothesis tested in this study is that
when groups are equated in terms of their mastery of the training task,
there is a significant difference in transfer ability favoring those
who overlearn the training task. From the diagram in Figure 1, it
appears that this hypothesis is confirmed since at each level of dis-
covery the overlearning group made fewer errors in reaching criterion.
This difference is statistically significant at the p £.05 level,
with an F ratio of 4.5GG. '

Figure 2. Mean number of trails needed to reach criterion on the
transfer task for each of eight treatment groups.
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It is reasonable to consider an alternative to the dependent
variable of number of errors made before reaching criterion on the
transfer task. The number of trials required to reach criterion
on the transfer task is highly correlated with the number of errors
made, and Figure 2 shows that much the same relationship exists as
before when the dependent variable is number of trials needed to
reach criterion. The same statistical properties obtain and the
hypothesis about discovery and overlearning are both confirmed. A
gunmary of the statistical relationships for these two dependenti
variables and for a logarithmic transformation of the errors~to-
criterion measure is found in Table 1.

With & trails-to=-criterion measure, the distribution of rezseonses
is not usually normal because of ceiling effects. This is true »>f
the dependent variable in this study which has a distribution sicwad
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toward few trials. A logarithmic transformation is often the most
orderly description for such skewed data. Therefore, the same tests
were recalculated for the double transformation of adding one to each
error-to~criterion score and them taking the logarithm to the base 19
of this new score. As can be seen in Table 1, the same statistical
relationships hold and again the discovery learning hypothesis fails
to find confirmation while the overlearning effect is pronounced,

Table 1. Summary of the analysis of variance tables for the two-factor
analysis of variance tests of Hypothesis 1 and Hypothesis 2 with three
different dependent variables,

Table la. Analysis of variance table for number of errors before
reaching criterion.

SS MS F

Fa

Source d

Overlearning 1 24,446 24,046 L,558%
Discovery 3 7.054 2,351  9.439
Interaction 3 5.624 0.208 2,039
Within cells 48 256.856 5.351

Total 55 288.931

Table 1b. Analysis of variance table for number of trails needed
to reach criterion.

Source df SS MS F

Overlearning 1 56.4L5 66,445  4,279%
Discovery 3 22,339 7.646  0.481
Interaction 3 4,437 1.496 0,099
Within cell L& 722,352 15.059

Total 55 81€.125

Table lc. Analysis of variance table for trans‘ormed number of
errors hafore reaching criterion (transformed by adding a con-
stant of one to each score and then taking the logarithm to the
base 10 of the new score).

Source df SS 1S F

Overlearning 1 2.590 0.590 5.246%
Discovery 3 0,337 0,129 1.146
Interaction 3 0.005 0.002 0,015
Within cell 43 5.401 0.113

Total 55 €.383

* = gignificant at the p < .05 level
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I is impossible to make a direct test of the third experimental
hypothesis from dependent variables such as errors or trials to criterion.
For this purpose it is necessary to turan to the questionnaire data.

The relevant questions are the following: ''What regularities, if any,
did you notice in the first experiment a week ago?" '"When did you re-
cognize there regularities?' and '"Did these reg ‘larities seem to re-
occur in the experiment today?*

The three tables helow show how each question was answered by
subjects in each of the six appropriate treatment groups. By refer-
ring to the codes printed beside each table, three conclusions can be
reached: 1In the first place, it is possible to make a statistical
test of the hypothesis relating overlearning to the reported discovery
of organizing principles (Hypothesis 3). JIn Table 2a the regularities
which subjects reported discovering during the training session are
listed for each of the six treatment groups. The code numbers of six
or higher (including zero) indicate reported regularities such as
“half of the distortions were to the right and half to the left (code
score = 6) or the distortions were in a mirror image configuration
(code score = 8)." Coded scores of six or higher would be helpful in
making a transfer to the second, transfer task. In order to substant-
late the third hypothesis it is necessary to show that subjects in the
overlearning condition report more regularities with a code score of
six or higher than the subjects in the criterion condition do. An in-
spection of Table 2a shows that exactly nine subjects in each treat-
ment group recieved such a score.

It might, however, be suggested as a more powerful formulation of
the third hypothesis that the overlearning subjects learned "more useful"
rules. By assuming that the code six rule is less useful than the code
seven rule, and so forth for each of the coded rules, it is possible to
test the third hypothesis in its more powerful form throught the use
o£ the Mann-Whittney U test for differences in two independent samples.
For the conditions found in this experiment, a U statistic of less than
or equal to 21 would be needed to reject the hypothesis that there is
no difference in the usefulness of the reported regularities at the
P .05 level. The computed U for this experiment is 37.5. This means
that the data do not coniirm the third hypothesis in this case; over-
learning of a set of individual associations did not produce signifi-
cantly more reports of discovered organizing principles (or reports of
"more useful" organizing principles) than did simple mastery of those
associations.

Secondly, the time of discovery of these principles is also com~
parable as Table 2b shows. The code numbers for the overlearning
group are generally smaller because the time of discevery is recorded
relative to the overall number of trails given. This difference re-
flects an advantahtage for the overlearning group since they could
practice with the principles they had discovered while almost half
of the criterion group subjects discovered their organizing regular-
ities "'late in or after the training session.®
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Table 2. Questionnaire responses to questions pertaining to the dis-
covery of regularities during the training session.

Table 2a. Reported regularities discovered during the training

task.

SPg SPy SP, Code

1 8 1 & 1 3 1. no regularities
1907 2 8 3 & 1 3 2. cannot remember

6 9 3 2 1 & 3. irrelevant regularities

8 8 1 4, same rule as that taught

5. list of distortions

2 9 1 7 1 & 6. groupings of 4+ and -
150% 5 9 3 8 1 6 7. SPy

5 0 5 & 1 8 8. mirror image distrotions

8 5 1 9. SP; plus two values or mirror images

0. §P, plus + and -~ groups or mirror image

Table 2b. Time at which the regularity was discovered.

SPb 5Py SPy Code

1 8 1 2 1 1} 1. no regularities, camnot remember,
1007% 1 5 1 3 1 1 irrelevant, oxr same as principle

3 5 1 & 1 1 2. during first & anticipations

4 2 1 3. during second &

4. half-way through training task

2 3 1 3 11 5. late in or after the training task
15%% 3 4 1 &4 1 2

3 5 Z 4 1 2 ‘

3 2 1

Table 2c. Recognition that the discovered regularities reoccured
in the transfer task.

SP, 8Py  SD, Code

1 6 1 6 11 l. no regularities, cannot remember,
1007 5 6 1 6 11 irrelevant, oxr same as principle

6 6 1 6 1 1 2. no recognition

6 6 1 3. partial recognition

4. probable recognition

3 1 6 1 1 5. different regularity reported
150% 3 6 1 6 1 6 6. recognition

3 6 6 6 1 6

4 b 1
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ﬁl Table 3. Questionnarie responses to questions pertaining to the in-
# itial intelligibility of the partial organizing principles and their
2 helpfulness during the training task.
E Table 3a. Apparent intelligibility and agreement of the partial
3 organizing principles.
: Agreement
11 11 11 1 2 1. yes
10021 1 2 1 1 1 1 1 2 2. unclassified
1 3 1 3 1 3 1 3 3. no
1 1 1 1
11 1 1 1 1 11
15911 1 1 2 11 11
11 1 2 11 1 2
. 1 1 1 i !
i% Table 3b. Reported helpiulness of the SPy principle.
: Sp,  SP Code
L 1 1| 1 2] 1. helped -~ I saw at the beginning that it
/3 100411 2 1 3 was applicable
3 1 4 1 7 2. helped =~ applicability wot recognized
g 1 1 immediately
I 3. helped -~ but confusing at first
3 11 1 2 4., neither helped nor hurt
3 150%)1 3 1 2 5. hurt -~ seemed irrelevant
- 1 3 1 7 6. hurt -~ was confusing
2 1 1 7. some other relatioaship

Table 3c. Reported helpfulness of the SPp principle.

SPy SP3 Code

1. helped -~ I saw at the beginning that it
was applicable

2. helped -~ applicability not recognized
immediately

3. helpad -- but confusing at first

»« neitlier helped nor hurt

hurt -~ deemed irrelevant

6. hurt -- was confusing

7. some: other relationship
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Finally, understanding the relation above helps to explain the
fact that when the subjects were asked if they recognized that the
principle whey had discovered during the training session was ap-
plicable on the transfer task, over 507 more criterion than overlearn-
ing subjects said they did not recoginze the applicability of what
they had discovered. This relationship is reflected in an almost
identical proportion of the subjects who completely filled the answer
to the first question on the questionnaire (by inferencze, the reccg-
nition of a common organization in both the training and the trausfer
task is likely then the distortions are completely listed for the six
lenses involved.) Unfortunately, the differences in both cases axe
not large enough to detect with a')g gtatistic. But the fact that
the overlearning group actually did perform better on the transfer
task also must be considered to add its weight to the speculation
that the overlearning group more often recognized the applicability
of what they had learned because they had more opportunity to prac-
tice what they had discovered.

Iwo questions were also asked about the helpfulness of the partial
organizing principles offered during the instruction session. These
two questions were not asked of the SPy group. in the group instruc-
tion session before the first experiment, you were taught a rule for
these experiments. Did this rule seem to make sense to you at the
time when you first learned it?" ard a question asking the subject

" to check tk2 appropriate alternative from among several descriptions
of how this principle might have been helpful or confusing during
the training session. In addition to having a separate set of al-
ternative for each rule, the SP, questionnaire also contained a qgues-
tion pertaining to the perceived consistency of the two principles
during the instiuction session. The responses to these questions are
shovn in Table 3.

. There are no unexpected results in these tables. The instruc-
tions on the principles seem to have been well understood and thought
helpful. It is also interesting to note in Table 4 that there are

nc consistant and significant relationships between the reported help-
fulness of a rule and the number of errors made before reaching cri-
terion. Perhaps this is a useless question to ask since no real stan-
dard is provided for “helpfulness.'" Perhaps no differences are found
bacause no one reported that the rules were not helpful in some form
or another. What is, however, of some interest is the relationship
between the number of errors to criterion and reports of whether or
not the rules were understood (see Table 4c). When the rule was said
to have made sense the agverage number of errors was 2.72, when thke rule
was said not to have made sense the errors rose to 4.00, and when the
response could not be classified an intermediate number of errors
(3.33) occured. It is also interesting to note that of the six cases
where the subject could not report that the rule was understood, the
number of errors before reaching criterion was nearly twice as large
in the criterion groups as in the discovery groups. Mo conclusion
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should be drawn from an isolated fact about six subjects, however,
this result is consistent with the advantagze ascribed to the practice
afforded the overlearning groups with respect to their ability to
recognize the applicability of the principles they had discovered.

Table 4. The relationship between the reported intelligibility and
helpfulness of the partial organizing principles and their transfer
power, measured in terms of errcrs made before reaching criterion.

Table 4a. Reported intelligibility of the partial organizing
principles and errors made before reaching criterion.

Reported *

intelligibility 1 2 3
Number of cases | 35 3 3
Average errors |2.72 | 3.32 | 4.00

Table 4b. Reported helpfulness of the partial organizing prin-
ciple SP; and errors made before reaching criterion.
Reported . .
intelligibility 1 2 3 4 7
Number of cazes ! 18 4 3 1 2
Average errors |3.1G6 | 2,50 | 3.67 } 4.00 2.00

Tablie ke,

Reported helpfulness of the partial organizing prin-
cipie SP2 and errors made before reaching criterion.

Reported

intelligibility 1 2 3 4 7
Number of cases | 10 10 2 2 4
Average erroxs |2.40 |} 3.70 | 3.50 | 2.50 2.00

%* codes are listed in Table 3.

Two final question of the sort discussed above will point to a
similar conclusion. All groups, except for the SPy subjects, were
asked: "Did you realize that th2 experiment today also involved the
rules you learned in the instruction session? and ‘When did you
realize this?" The SP3 questions were asked separately for each
principle. The responses to these questions and the average across
all subjects for errors to criterion are listed by category in Table 5.
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Table 5. Questionnaire responses to questions pertaining to the re-
cognition that the learned partial organizing principles were applic-~
able in the transfer task.

Table 5a. Reported recognition of applicability.

(for SP3 §'s)

SP1 SPy SPh SPy Codes
11 11 1 1'111 1. yes
1007% 11 1 1 11 1 1 2. unclassifiable
11 1 3 11 1 1 3. no
1 i 1 1
1 1 1 1 1 1 11
150% 11 1 1 11 1 1
1 2 1 2 1 3 11
1 1 1 1

Table 5b. Time of reported recognition.

(for SP3 S's)

SPy SPy 5% SP, Code
2 8 2 2 2 2 2 3 1. no recognition
100% 2 8 2 2 2 6 2 4 2. during first 4 anticipations
4 8 2 4 2 8 2 6 3. during second 4
8 2 2 3 4. half-way
6. after transfer task
12 1 2 2 2 2 2 7. on questionnaire
150% 2 8 2 2 2 2 2 7 8. guessed prior to transfer
2 8 2 3 2 &4 2 7 task
2 2 2 2

Table 5c. Relationship between recognizéd applicability of the
partial organizing principle and errors before reaching criterion.

Recognition 1 2o0r3

Number of cases | 53 3

Average errors |3.19] 4.00

Table 5d. Relationship between time of recognition and errors
made before reaching criterion.

Time of recognition i 2 3 4 6 7 8

Number of cases 2 36 3 4 3 2 7

Average errors 1.50 | 2.40 | 4.70 | 6.75 | 3.93 | 6.00 | 2.50
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3 An: inspection. of Table 5a will roveal that-subjects in the over-

‘ learning and criterion treatment groups do not differ from each other
with respect to frequency with which they failed to rccognize the ap-
plicability of the partial organizing principles they had been taught.
Only three subjects in the experiment reported failing to make this
recognition.

It should not be concluded, however, that presence or absence
and time of recognition of applicability are unrelated to transfer
score. In Table 5c¢ it can be seen that the subjects who could not
be certain that they recognized the applivability of the partial or-
ganizing principles they had been taught made more errors on the
transfer task before they reached criterion. Time of recognition also
affecits transfer power, as can be seen in Table 5d. Although the two
subjects who reported no recognition averaged only one and a half
errors before reaching criterion, the other error scores are what
might be predicted; subjects who recognized applicability at the
beginning of or prior to the transfer task had error scores of 2.40,
4.70, and 2.50. Subjects who made this recognition late in or after
the transfer task or while filling out the questionnaire averaged
6.75, 3.00, and 6.07 errors before reaching criterion.

Little confidence should be placed in these data because the or-
Y regular distribution of subjects leaves some categories with very
few subjects in them. It may be concluded, in the form of a hypothe-
sis for future verification, that presence or absence and time of
recognized applicability of a previously learned organizing principle
affects transfer power. The 2ffects cf overlearning on such recog-
nition cammot be assessed from the present data because of the ceil-
ing effect. (The fact that almost all subjects recognized the applic-
ability of the partial organizing principles provides a conformation
of the uniform effectiveness of the intructicn.sessions.) In ad-
dition, the fact that only three subjects reported that they failed
to recognize the applicability of the partial organizing principle
while they were performing the fransfer task casts valuable light on
: the problem of meaningful vs. rote learning of individual associations.
5 Although it remains a possibility that these subjecis performed the
3 transfer task using individual associations while tacitly recognizing
; the applicability of a wseful organizing principle, it would appear

more likely that the partial organizing principles were learned mean-
ingfully.

Interpretation of xesults

gl The results of this experiment provide evidence which is consis-
: tant with the first two of the three hypotheses stated. Using either
trials or errors to criterion on 2 nesr transfer task as the dependent
variable shows that the overlearning factor achieved statistical sig-
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nificance at the p £.05 level while the discovery factor failed to do
so. On the whole the critical ratio for the overlearning effect was
from five to ten times as ‘arge as the critical ratio for degree of
discovery. At the very least, it must be conceded that the discov-
ery learning effect, if it exists at all, is not nearly as strcng as
is the effect of overlearning. If transfer is to be the measure of
knowledge, "practice beyond the point of initiul mastery" seems to be
a better rule to recommend to teachers than ''let the student discov-
er the generalization for himself.

The third hypothesis (relating reported discoveries to over-
learning) was not confirmed, yet an important insight was gained into
the processes involved in transfer based on the use of an organizing
principle. There were several lines of evidence leading from the
questionnaire responses to the supposition that practice with an or-
ganizing principje improves the transfer power of that principle.
There were no differences between overlearning and criterion subjects
with respect to reported regularities being disoovered or in the num-
ber of trials on the training task that preceeded such discoveries.
However, the overlearning subjects did have the benefif of practice
with the regularities they had discovered, This increased opportunity
for practice was correlated with reports of recognizing the applic-
ability of the discovered principle on the transfer task, with an
integration of the individual associations for both experimental ses-
sions in response to the questionnaire, and with a low number of er-"
roxs made Bafore reaching criterion on the taansfer task. These data
also suppor’: the belief that meaningful principles rather than sets
of individual associations are at the foundation of such transfer.
When sub‘ects reported that the instruction they received on the par-
tial organizing principles was unclear, those who had the advantage
of additional practice performed better on the transfer task, Fin-
ally, by analyzing the responses to questions about realizing that
the given partial organizing principjes were applicable in the trans-
fer task, it can be seen that transfer scores improve when the ap-
plicability is recognized.

Of course, it must be cautioned that no statistically conclusive
test of the effect of practice and recogized applicability was made.
But the convergence of several lines of evidence should be taken to
justify entertaining a new hypothesis about the relationship between
practice and recognized applicability as an intervening variable which
sheds some light on organizing principles. This hypothesis would have

seve:. 1 direct connections with the literature on transfer. For example,

the _..versal transfer effects reported by Mandler (1962) might be an-
alyzed in these terms. There is also a connection here with Asch's
(1969) recent theoretical paper on the prablem of associlations. In
this article, Asch sunmarizes, "Of main consequence is %he finding that
there was no recall without recognition. When recognition failed, sub-
jects had to relearn a well-formed and retained association as if it
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were completely mew" (Asch, 1969, p. 101), Finally, Judd's early ad-
monition bears repeating: "Note that theory was not of value until it
was backed by practice, but when practice and theory were both pre-
sent the best adjustment was rapidly worked out" (Judd, 1903, p. 37).
This seems also to justify the fact that, in the present experiment,
there was no relationship between didactic instruction on organizing
principles and speed of nastering the training task,

Summary

A laboratory study was perfoxrmed with four levels of discovery and
two levels on an overlearning factor. An improved experimental para-
digm was chosen so as to avoid a number of confusions which hav= ob-
scured previous research. An operational definition was developed for
discovery and guided discovery and discovery learning was distin-
guished from meaningful learning, discovery teaching, and inquity
learning, The results of the study show that overlearning las a con-
siderably more powerful effect on transfer than does discovery. Over-
learning seems to be an important condition for the transfer of a
discovered principle -~ not because the principle is apt to be discov=~
ered during overlearning but because a certain amoun: of practice is
necessary to make the discovered principle available for transfer.
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